Introduction
In recent years, nickel complexes bearing pincer ligands [1] [2] [3] [4] [5] [6] have been widely investigated because of their interesting chemical properties. Many reports have been published on the electrochemical behavior of Ni-pincer complexes [2] . The strong electron-donating ability of the pincer ligand leads to a negative shift of the Ni(III)/Ni(II) redox potential [3] . However, most of the reported Ni pincer complexes have a benzene unit as a central aromatic ring of the pincer ligand. Recently, we have synthesized ( 3 SNS)-pincer complexes constructed of a pyrrole unit as a central aromatic ring and thioamide units as side arms as shown in Scheme 1 [4] .
These complexes are stable in air, and the results of X-ray studies suggest that delocalization of the electrons occur through the central pyrrole ring and the thioamide group. Such a replacement of the central benzene unit by other aromatic or non-aromatic units modulates the chemical and electronic properties of the pincer complexes, and revealing the effect of modulation will be intriguing [3b,3d,5] . From the chemical and electrochemical viewpoints, the electronic properties of pincer complexes having a pyrrole unit as a central aromatic ring are considered to be different from those of benzene-centered pincer complexes. However, there have been no reports on the electrochemical properties of pyrrole-centered pincer complexes to the best of our knowledge. In this paper, we compared the SNS-and SCS-pincer ligand frameworks and elucidated the structure and electronic properties of their pincer nickel complexes.
Experimental

General, measurement, and materials.
1 H-NMR spectra were recorded on a JEOL Lambda-300 NMR spectrometer. N'-dibenzyl-benzene-1,3-dicarbothioamide (L2H) , and [2,5-bis(benzylaminothiocarbonyl) 187.732, 144.997, 135.761, 128.747, 128.353, 128.050, 112.359, 50.391. FT-IR(KBr, cm -1 ): 3280, 3086, 2957 , 1558 , 1496 , 1390 , 1344 , 1261 , 1180 197.9, 171.56, 146.71, 135.56, 128.34, 127.58, 127.42, 125.06, 121.42, 49.43 FT-IR(KBr, cm -1 ): 3360, 3231, 1558 , 1454 , 1419 , 1344 , 1288 , 1228 , 1180 , 1022 
[2,6-Bis(benzylaminothiocarbonyl) - 2 S,S'-phenyl-C
]iodonickel (6).
The procedure for 4 was modified using 202.061, 147.244, 135.659, 128.704, 128.281, 127.963, 124.231, 121.929, 50.227. FT-IR(KBr, cm -1 ): 3362, 3264, 1553 , 1495 , 1455 , 1420 , 1343 , 1291 , 1181 , 1022 , 698.
Crystal structure determination.
Crystals of 2 and 5 for X-ray analysis were obtained as described in the preparations. solved by using the CrystalStructure software package [7] . Atom scattering factors were obtained from the literature. Refinements were performed anisotropically for all non-hydrogen atoms by the full-matrix least-square method. Hydrogen atoms except for H1 and H2 were placed at the calculated positions and were included in the structure
calculation without further refinement of the parameters. H1 and H2 of 2 and 5 were determined by difference Fourier map and refined isotropically. The residual electron densities were of no chemical significance. Crystal data and processing parameters are summarized in Table 6 .
Computational Details.
All the TD-DFT calculations and natural population analysis (NPA) reported in this study were carried out using the Gaussian 03 suite of programs [8] . We employed the B3PW91 functional with LANL2DZ basis set implemented in Gaussian 03 programs suits. The molecular and crystal structures of all Ni pincer complexes derivative have been determined by X-ray diffraction were used for the NPA calculations. Geometry optimization for TD-DFT calculation was carried out under the constraint of Cs symmetry.
Results and discussion
Synthesis of Ni complexes.
The pincer ligand L1H [4] reacted with NiCl 2 in ethanol at room temperature to
give the nickel- 3 SNS pincer complex 1 with a 68% yield as shown in eq. 1. Similarly, 7 Br-complex 2 and I-complex 3 were obtained from the reaction of L1H with NiBr 2 and NiI 2 , both with a 77% yield.
SCS-pincer Ni complexes 4-6 were prepared by the reaction of NiX 2 (X = Cl, Br, I) with L2H in toluene as shown in eq. 2.
All complexes, 1-6, were characterized by IR and 1 H-NMR spectroscopy. In the is shorter than that in 5 (2.3686(2) Å); this is due to the trans influence of the benzene unit is more significant than that of the pyrrole unit.
In the IR spectra, the (N-H) band of 1-3 was observed as a shoulder peak at about 8 3300 cm -1 . On the other hand, the (N-H) peaks of 4-6 were clearly observed at 3360-3362 cm -1 . As mentioned above, L1 in 2 has an electron-delocalized resonance structure as shown in Scheme 2 [4] . The electronic structure appears to give a lower shift of the wavenumber of the (N-H) band in complexes 1-3.
The X-ray crystallographic data of 2 reveal that it contains solvated acetonitrile in the The packing structure of 2·MeCN is similar to that of the previously reported 1·MeCN [4] , and 5·DMF has a packing structure similar to that of a DMF-solvated SCS-Ni-Cl
The electronic spectra of 2 and 5 are shown in Fig. 4 , and the spectral data of 1-6 are summarized in Table 3 . 1-3 exhibit intense absorption bands at  max = 286-292 and 369-372 nm, which are assigned to the * transitions in the SNS pincer ligand.
Weak absorption is observed in the regio of 390-420 nm, which can be assigned to a metal-to-ligand charge transfer (MLCT) band [7] . In 4-6, a significant MLCT band is observed at  max = 440-452 nm, whose intensities are stronger than those of 1-3. The assignments of the * transition and the MLCT absorption bands were examined by time-dependent density functional theory (TD-DFT) calculations (Table 4) 
Electrochemical and optical data of the Ni complexes.
Cyclic voltammograms (CVs) of 1-6 were recorded in DMF solution containing 0.10 M [N(n-Bu) 4 ]PF 6 as the supporting electrolyte using a glassy carbon working electrode.
The CVs of 1 and 4 in the region of -0.3 to +0.5 V are displayed in Fig. 6 , and the electrochemical data of complexes 1-6 are summarized in Table 5 . In the region as shown in Fig.6 , 1 exhibits a quasi-reversible wave based on the Ni(III)/Ni(II) redox couple [13] at E 1/2 = +0.336 V (vs Fc + /Fc). The E 1/2 value of the Ni(III)/Ni(II) redox couple of 4 is observed at +0.055 V (vs Fc + /Fc). The occurrence of a much facile oxidation of 4 than that of 1 suggests a higher electron-donating ability of L2 to Ni than that of L1. A similar tendency is also observed for other couples of complexes (2 vs 5 and 3 vs 6, Table 5 ). These results are consistent with the X-ray crystallographic and electronic spectral data. In almost all cases, many of the Ni-pincer complexes exhibited an irreversible oxidative wave in a more positive region, suggesting the formation of higher oxidized Ni species or oxidation of the thioamide ligand, however, the formed species have not been identified.
The DFT calculation also suggests the higher electron donating ability of L2 than that of L1. The contour plots of the HOMOs of 2 and 5 are shown in Fig. 6 . The HOMO level of 2 (-0.208 eV) is slightly deeper than that of 5 (-0.197 eV) . We have also calculated the electron densities of 2 and 5 using a DFT method. The atomic charges were estimated by natural population analysis (NPA) [14] , which is well known to be less dependent on the basis set than Mulliken population analysis. The NPA charges of 2 and 5 are shown in Fig. 7 . These results indicate that the natural charge of the nickel atom of 2 is more positive than that of 5, which is consistent with the results of X-ray crystallography study and cyclic voltammetry.
Conclusion
We have elucidated the synthesis, structures, and electrochemical properties of Ni-SNS and Ni-SCS pincer complexes. The pincer ligands smoothly coordinate to Ni in a tridentate fashion via a cyclometalation process. The Ni(III)/Ni(II) redox potentials of complexes 1-6 are significantly influenced by the electronic effects of the N-and C--bonded unit in the pincer ligand. The X-ray crystallography of 2 and 5 indicated that the trans influence of L2 is larger than that of L1. These results reveal that the centered benzene unit of L2 has a higher electron donating capability to the metal center than centered pyrrole unit of L1. These findings are expected to contribute to the modulation of chemical properties of the pincer complexes.
Supplementary materials
Crystallographic data for the structural analysis of 2, and 5 in CIF format have been deposited with the Cambridge Crystallographic Data Centre under CCDC No. 707890
(2) and 707891 (5) Table 3 . UV-vis spectral data for the complexes in MeCN. Table 5 . Electrochemical data for complexes 1-6. Table 6 . Crystal data and details of the structure refinement of 2·MeCN and 5·DMF.
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